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(54) Compatible optical pickup 

(57) An optical pickup compatible for recording me- 
dia having different formats, in which two light beam 
sources for different wavelengths of light are installed in 
a single light device module. The optical pickup in- 
cludes: a light device module (50) having a first light 
beam source (55) and a second light beam source (57) 
for emitting first and second light beams, respectively, 
having different wavelengths; a hologram light coupler 
(61) for separately guiding the first and second light 
beams along the same optical path such that the first 
and second light beams go toward a corresponding re- 
cording medium (80) ; an optical path changing element 
for altering the optical path of an incident light beam; 
and an objective lens (67) disposed on an optical path 
between the optical path changing element the corre- 
sponding recording medium (80), for focusing the first 
or second light beam on the corresponding recording 
medium (80); and a photodetector (71 ) for receiving the 
first or second light beam incident from the optical path 
changing element after having been reflected from the 
corresponding recording medium (80), and detecting an 
Jnfprmation_signaLand_.errors 
light beam. 
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[0006] Light emitted from the second light beam 
[0001] —The- present invention . relates to - an- optical - source 31- is condensed by a second collimator lens 33 r ~ 
pickups compatible for recording media having different parallel incident on a second PBS 35, transmitted 
formats^ndmoreparticularly.toacompactopttealplck- » through a condenser lens 37, and then Incident on the 
up compatible for recording media with different for- Interference filter 41. The light is reflected by Ihe inter- 
mats, which adopts a single light device module in which . Terence filter 41 and passes through the quarter-wave 
two light beam sources for different wavelengths of light plate 43, the variable diaphragm 45 and the objective 
are installed. lens 47 in sequence to form an optical spot on the rela- 
[0002] In recent years, the need for an optical pickup 10 tively thick disc 1 0b. 

capable of recording information on and/or reproducing [0007] Light reflected by the relatively thick disc 10b 

information from a digital versatile disc- read only mem- is incident on the interference filter 41 through the ob- 

ory (DVD-ROM) at high densities be compatible with ject'rve lens 47, the variable diaphragm 45 and the quar- 

compact disc (CD) family media such as CD, recordable ter-wave plate 43, and then reflected by the interference 

CD (CD-R), CD rewritable (CD-RW). CD Interactive 15 fitter 41 heading toward the second PBS 35. The light is 

(CD-I) and CD plus graphics (CD+G) has arisen. reflected by the second PBS 35 and received by a sec- 

[0003] The standard thickness of existing CD family ond photodetector 39. 

media is 1 .2 mm, whereas the thickness of DVDs has [0Q08] The interference filter 41 , an optical element 

been standardized to 0,6 mm in consideration of the al- for transmitting or reflecting incident light depending on 

lowable error in the tilt angle of a disc and the numerical 20 the wavelength of incident light, transmits the light orig- 

aperture (NA) of an objective lens. Accordingly, when inating from the first light beam source 21 , and reflects 

recording information on or reproducing information the light originating from the second light beam source 

from a CD using an optical pickup designed for DVDs, 31. The variable diaphragm 45 has a variable aperture, 

spherical aberrations occur due to a difference in the and defines the size of the light spot incident on the ob- 

thicknesses therebetween. Such spherical aberration 25 jective lens 47, such that the light beam enters the re- 

cannot provide a light intensity sufficient for recording gion of the objective lens 47 with an NA less than 0.45 

an information (radio frequency) signal or may deterio- or 0.47. The quarter-wave plate 43 is an optical element 

rate a reproduction signal from the CD. Also, DVDs and for changing the polarization of incident light. As each 

CD family media utilize different wavelengths of light for of the light beams from the first and second light beam 

reproduction: CDs use light having a wavelength of 30 sources 21 and 31 passes the quarter-wave plate 43 

about 780nm as a light beam source, whereas DVDs two times, the polarization of the incident beams chang- 

use light having a wavelength of about 650nm as a light es, and then the light beams head toward the first PBS 

beam source. Thus, for the compatibility with CDs, an 25 and the second PBS 353, respectively. The objective 

optical pickup adopting a light beam source capable of tens 47 allows light from the first and second light beam 

emitting different wavelengths of light, and capable of 33 sources 21 and 31 to be focused as a light spot on the 

focusing optical spots at different focal positions is re- recording surface of each of the DVD 10a and the CD 

quired. 10b. 

[0004] Referring to Figure 1 , a conventional compat- [0009] Although the convention optical pickup having 
ible optical pickup comprises a first light beam source the configuration described above is convertible with 
21 for emitting light having a wavelength of about 40 CD-R using two light beam sources, the adoption of the 
650nm, and a second light beam source 31 for emitting variable diaphragm, which is manufactured through so- 
light having a wavelength of about 780nm. The first light phisticated and expensive processes, makes assem- 
beam source 21 is appropriate for a relatively thin disc bling of such optical pickup complicate and increases 
1 0a, such as a DVD, and the second light beam source the manufacturing cost. In addition, the first and second 
31 is appropriate for a relatively thick disc 1 0b, such as 45 light beam sources are separately constructed, so that 
a CD . the configuration of the optical pickup becomes compli- 
[0005] Light emitted from the first light beam source cated and the optical arrangement thereof is also difff- 
21 is condensed by a first collimator lens 23, parallel cult, 

incident on a first polarization beam splitter (PBS) 25, [0010] It is an aim of embodiments of the present in- 
and then reflected by the first PBS 25 toward the DVD so vention to provide a compact optical pickup compatible 
10a After reflected by the relatively thin disc 10a, the for recording media having different formats, in which 
reflected light is transmitted through the first PBS 25and first and second light beam sources for different wave- 
is then received by a first photodetector 27. Here, an lengths of light are installed in a single light device mod- 
interference fitter 41 for changing the paths of light emit- ule, and the optical paths of light beams from the first 
ted from the first and second light beam sources 21 and 55 and second light beam sources are adjusted using a 
31, a quarter-wave plate 43, a variable diaphragm 45, hologram light coupler. 

and an objective lens 47 for condensing light incident [0011] According to a first aspect of the present there 

are disposed on an optical path between the first PBS is provided an optical pickup compatible for recording 
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-media having different f ormats; the optical pickup con> 

prising: a light device module having a first light beam 
jsourceand a secqndjtght beam source for emitting first --• — 
and second light beams, respectively, having different 
wavelengths; a hologram light coupler for separately s 
guiding the first and second light beams along the same 
optical path such that the first and second light beams 
go toward a corresponding recording medium; an opti- 
cal path changing unit for altering the optical path of an 
incident light beam; and an objective lens disposed on 10 
an optical path between the optical path changing unit 
the corresponding recording medium, for focusing the 
first or second light beam on the corresponding record- 
ing medium; and a photodetector for receiving the first 
or second light beam incident from the optical path is 
changing unit after having been reflected from the cor- 
responding recording medium, and detecting an infor- 
mation signal and error signals from the received light 
beam. 

[0012] Preferably, the hologram light coupler includes 20 
a hologram pattern which allows the first light beam en- 
tering in perpendicular to one surface of the hologram 
. light coupler to directly transmit, and almost all the sec- 
ond light beam entering at an angle to diffract and trans- 
mit, such that the second light beam travels parallel to 25 
the first light beam. 

[0013] Preferabfy/the first light beam has a wave- 
length of about 650 nm and the second light beam has 
a wavelength of about 780 nm, and a maximum pattern 
depth D p of the hologram pattern satisfies the expres- 30 
sion: 4,000 nm £ O p £ 7,000 nm. 
[0014] Preferably, the hologram pattern has a 
stepped configuration with at least two steps. 
[0015J Preferably, a positional tolerance between the 
first and second light beam sources is controlled by ad- 35 
justing the location of the hologram light coupler on the 
optical path between the light device module and the 
objective lens. 

[0016] According to a second aspect of the present 
invention there is provided the optical pickup, the optical *o 
path changing unit includes: a polarization beam splitter 
for altering the traveling path of an incident light beam 
by transmitting or reflecting the Incident light beam ac- 
cording to the polarization of the incident light beam; and 
a quarter-wave plate disposed on the optical path be- 45 
tween the polarization beam splitter and the objective 
lens, for changing the polarization of an incident light 
beam. 

[0017] Preferably, the objective lens has a light receiv- 
ing surface for receiving the first or second light beam so 
emitted from the light device module, and a light emitting 
surface facing the corresponding recording medium, 
and at least one of the light receiving and transmitting 
surfaces of the objective lens is divided into sections by 
at least one an annular region, the sections being con- ss 
centric with each other and having different aspheric 
curvatures. 

[0018] For a better understanding of the Invention, 



-and to show how embodiments of thesame may berap- 
ried into effect, reference will now be made, by way of . 

- example Jo the accompanying diagrammatic drawings.:: 
in which: . . 

Figure 1 is a schematic view showing the optical ar- 
rangement of a conventional compatible optical. 
. pickup; . .. 

Figure 2 is a schematic view showing the optical ar- 
rangement of an optical pickup compatible for re- 
cording media having different formats according to 
embodiments of the present invention; 

Figure 3 is a sectional view showing the pattern of 
a first embodiment of a hologram light coupler 
adopting in the optical pickup according to the 
present invention; 

Figure 4 is a graph showing variations of transmit- 
tance with respect to the pattern depth of the holo- 
gram light coupler of Figure 3; 

Figure 5 illustrates the diffraction efficiency of the 
hologram light coupler of Figure 3; 

Figure 6 is a sectional view showing the pattern of 
a second embodiment of the hologram light coupler 
adopted in the optical pickup according to present 
invention; 

Figure 7 is a graph showing variations of transmit- 
tance with respect to the pattern depth of the holo- 
gram light coupler of Figure 6; 

Figure 8 is a sectional view showing the pattern of 
a third embodiment of the hologram light coupler 
adopted in the optical pickup according to the 
present invention; 

Figure 9 is a graph showing variations of transmit- 
tance with respect to the pattern depth of the holo- 
gram light coupler of Figure 8; 

Figure 1 0 is a sectional view showing the pattern of 
a fourth embodiment of the hologram light coupler 
adopted in the optical pickup according to the 
present invention; 

Figure 11 is a graph showing variations of transmit- 
tance with respect to the pattern depth of the holo- 
gram light coupler of Figure 10; 

Figure 12 is a schematic front view of an objective 
lens adopted in the compatible optical pickup ac- 
cording to embodiments of the present invention; 
and 
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Figure i 3 is- a-schematrcr view showing therirnajor" 
parts of trie compatible optical pickup according to 
embodiments. of. the present invention - 

{001 9] Referring to Figure 2, a preferred embodiment 
of an optical pickup compatible for recording media hav- 
ing different formats includes a light device module 50, 
which includes first and second light beam sources 55 
and 57 for emitting a first light beam I and a second light 
beam II having different wavelengths, respectively, a 
hologram light coupler 61 by which the first and second 
light beams 1 and II from the light device module 50 are 
guided to travel along the same optical path, an optical 
path changing unit for altering the traveling path of Inci- 
dent light, an objective lens 67 for focusing Incident light 
on an optical recording medium 80, and a photodetector 
71 for receiving light passed through the objective lens 
67 and the optical path changing unit after having been 
reflected from the recording medium 80. 
[0020] In particular, the light device module 50 in- 
cludes a substrate 51 , a mount 53 on the substrate 51 , 
and the first and second light beam sources 55 and 57 
attached to both sides of the mount 53, respectively. The 
first and second light beam sources 55 and 57 as edge 
emitting lasers emit light beams at different diverging 
angles The first light beam I from the first light beam 
source 55 has a wavelength of about 650 nm, and is 
appropriate for the relatively thin optical disc 80a such 
as a DVD. The second light beam II from the second 
light beam source 57 has a wavelength of about 780 
nm, and is appropriate for the relatively thick optical disc 
80b such as CDs. The positional tolerance between the 
first and second light beam sources 55 and 57 can be 
controlled by adjustlngthe location of the hologram light 
coupler 61 on the optical path between the light device 
module 50 and the objective lens 67. 
[0021] The hologram light coupler 61 guides the first 
and second light beams I and II along the same optical 
path and directs the first and second light beams I and 
II toward the optical recording medium 80. The holo- 
gram light coupler 61 has a hologram pattern 61a at one 
surface thereof to diffract and transmit incident light The 
hologram light coupler 61 directly transmits the first light 
beam I entering In perpendicular to the light receiving 
surface of the hologram light coupler, and diffracts and 
transmits most of the second light beam II incident at an 
angle, such that the second light beam It becomes par- 
allel to the first light beam I. Transmlttance of the holo- 
gram light coupler 61 is determined by the depth of the 
hologram pattern 61 a, the pitch of the hologram pattern 
61 , and the configuration of the hologram pattern 61 . It 
is preferable that the hologram pattern 61 a of the holo- 
gram light coupler 61 has a stepped pattern including at 
least two steps. 

[0022] Figure 3 illustrates an example of the hologram 
pattern with five steps, and Figure 4 illustrates variations 
of transmlttance of the first and second light beams I 
and il with respect to the variations of maximum pattern 



depth D- of the hologram panerrrof Figure 3; Referring 

to Figure 4, at a maximum pattern depth D p of about 

i_^6,400 nrrvthe transmlttance of the-hologram light cou - 
pler 61 is about 1 .0 for the principle zeroth order maxi- 

5 mum of the first light beam I having a 650nrn wave- 
length. The second light beam II is diffracted and trans- 
mitted into zeroth order and±1 st order diffracted beams. 
The transmittance of the hologram light coupler 61 is 
about 8% for the zeroth order diffracted beam, almost 

10 o% for the +1st order diffracted beam, and about 75% 
for the -1st order diffracted beam with respect to the 
amount of the incident light. The -1st order diffracted 
beam serves as the effective beam for the second light 
beam II, and travels parallel to the zeroth order diffracted 

*5 beam from the first light beam I. 

[0023] As previously mentioned, the hologram light 
coupler 61 is appropriately located on the optical path 
such that the first and second light beams I and II from 
the first and second light beam sources 55 and 57 in- 

20 stalled in the light device module 80, but at different an- 
gles with respect to the optical axis, are guided along 
the same optical path and go toward the optical record- 
ing medium 80. 

[0024] Although the hologram light coupler 61 of Fig- 
25 ure 3 Is designed to have the 5-step hologram pattern, 
the hologram pattern of the hologram light coupler 61 
can be varied as shown in Figures 6, 8 and 1 0. Figure 
6 illustrates a 4-step hologram pattern for the hologram 
light coupler 61, and Figure 7 illustrates variations of 
so transmittance for the first and second light beams I and 
II with respect to the maximum pattern depth D p . In de- 
signing the hologram pattern shown in Figure 6, the 
phase of light beam is also considered. For the 4-step 
hologram pattern of Figure 6, the pitch TP1 at the max- 
35 imum pattern depth D p is larger than the pitches TP2, 
TP3 and TP4 for the other steps. 
[0025] Referring to Figure 7. at a maximum pattern 
depth Dp of about 4,900 nm, the transmittance of the 
hologram light coupler 61 is about 1 .0 for the zeroth or- 
40 der maximum of the first light beam I having a 650nm 
wavelength. The second light beam II is diffracted and 
transmitted into zeroth order and ±1st order diffracted 
beams. The transmittance of the hologram light coupler 
61 Is about 10% for the zeroth order diffracted beam, 
45 almost 0% for the +1 * order diffracted beam, and about 
65% for the -1st order diffracted beam with respect to 
the amount of the incident light. The -1 st order diffracted 
beam serves as the effective beam for the second light 
beam II, and travels parallel to the zeroth order diffracted 
so beam from the first light beam I. 

[0026] Figure 8 illustrates another 4-step hologram 
pattern for the hologram light coupler 61, in which no 
phase of light beam is considered, and Figure 9 illus- 
trates variations of transmittance forthe first and second 
55 light beams I and 1 1 with respect to the maximum pattern 
depth Dp. For the 4-step hologram pattern of Figure 8, 
the pitch TP1 at the maximum pattern depth D p is equal 
to the pitches TP2, TP3 and TP4 for each of the other 
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[0027] Referring to Figure 9, at maximum pattern 
depth Dp of about 4 t 900 nm, the transmittance of the _ 
hologram light coupler 61 Is about 1 .0 Tor the zeroth or- 
der maximum of the first light beam I having a 650nm 
wavelength. The transmittance of the hologram light 
coupler 61 is almost 0% for both the zeroth order dif-.. 
fracted beam and +1 st order diffracted beam from the 
second light beam ll t and about 86% for the -1st order 
diffracted beam with respect to the amount of the inci- 
dent light. The -1st order diffracted beam serves as the 
effective beam for the second light beam II, and travels 
parallel to the zeroth order diffracted beam from the first 
light beam I. 

[0028] Figure 1 0 Illustrates a 2-step hologram pattern 
for the hologram light coupler 61 , in which no phase of 
light beam is considered, and Figure 11 illustrates vari- 
ations of transmittance for the first and second light 
beams I and II with respect to the maximum pattern 
depth Dp. Forthe 2-step hologram pattern of Figure 10, 
the pitch TP1 at the maximum pattern depth D p is equal 
to the pitch TP2 of the other step of the hologram pat- 
tern. 

[0029] Referring to Figure 11, at a maximum pattern 
depth Dp of about 4,900 nm, the transmittance of the 
hologram light coupler 61 is about 1 .0 for the zeroth or- 
der maximum of the first light beam I of wavelength 
650nm. The transmittance of the hologram light coupler 
61 is atmost0%forboththezeroth order diffracted beam 
and +1st order diffracted beam from the second light 
beam II, and about 68% for the -1st order diffracted 
beam with respect to the amount of the incident light. 
The -1st order diffracted beam serves as the effective 
beam forthe second light beam II, and travels parallel 
to the zeroth order diffracted beam from the first light 
beam t. 

[0030] As can be inferred from the examples of the 
hologram pattern forthe hologram light coupler 61 illus- 
trated above, the maximum pattern depth D p of the holo- 
gram light coupler 61 can be varied according to the 
stepped configuration. It is preferable that the maximum 
hologram depth D p of the hologram light coupler satis- 
fies the expression: 4,000 nm £ D p £ 7,000 nm. 
[0031] As previously mentioned, the zeroth order dif- 
fracted beam is utilized asthe effective beam for the first 
light beam I, and the -1 st order diffracted beam Is utilized 
as the effective beam forthe second light beam II. For 
this reason, the first and second light beams I and II 
emerging from the different light beam sources separat- 
ed from each other can travel on the same path. The 
first and second light beams I and M passed through the 
hologram light coupler 61 diverges at different angles, 
so that the first light beam I is focused on the relatively 
thin optical disc 80a and the second light beam II is fo- 
cused on the relatively thick optical disc 80b. 
[0032] Turning to Figure 2, the optical path changing 
unit includes a polarization beam splitter (PBS) 63 for 
altering the traveling path of incident light beams by 



transmitting or reflecting incident light beams-accordin 
to their polarization, and a quarter-wave plate 65, which . 
js disposed on the optical path between the PBS 63 and. 
the objective lens 67, for changing the polarization of 
Incident light beams. The light beams emitted from the 
light device module 50 pass through the PBS 63 and go 
toward the optical recording medium 80. 
[0033] As a light beam heading toward the optical re- 
cording medium 80, and the light beam reflected from 
the optical recording medium 80 pass through the quar- 
ter-wave plate 65, the polarization of incident light beam 
changes. After the light beam reflected by the optical 
recording medium 80 is incident on the PBS 63, the in- 
cident light beam is reflected by the PBS 63 such that it 
goes toward the photodetector 71. 
[0034] The objective lens 67 focuses the incident first 
or second light beams I and II on the relatively thick disc 
BOa or the relatively thin disc 80b, respectively. To 
achieve this, the objective lens 67 has a light receiving 
surface for receiving light emitted from the light device 
module 50, and a light emitting surface which faces the 
optical recording medium 80. It is preferable that at least 
one of the light receiving and transmitting surfaces is 
divided into concentric sections by at least one annular 
region. Here, each of the sections has a different as- 
pheric curvature such that light beams passed through 
the sections can be focused at different positions. 
[0035] In particular, referring to Figures 1 2 and 1 3, the 
objective lens 67 includes a near-axis region 67a, an 
annular lens region 67b and a far-axis region 67c. The 
annular lens region 73 located between the near-axis 
region 67a and the far-axis region 67c may be formed 
as a circular or elliptical ring. The annular lens region 
67b has an aspherical surface. It is preferable that the 
annular lens region 67b is optimized for the relatively 
thick optical disc 80b. 

[0036] When the relatively thin optical disc 80a is em- 
ployed as the optical recording medium 80, light is emit- 
ted from the first light beam source 55 and then focused 
as a light spot on the information recording surface of 
the relatively thin optical disc BOa through the far-axis 
region 67a. In contrast, light emerging from the annular 
lens region 67b is scattered. 

[0037] On the other hand, when the relatively thick op- 
tical disc 80a is employed as the optical recording me- 
dium 80, light is emitted from the second light beam 
source 55, and then focused as a light spot on the infor- 
mation recording surface of the relatively thick optical 
disc 80c through both the annular lens 67b andthe near- 
axis region 67a. 

[0038] The optical pickup may further include a colli- 
mating lens 66 on the optical path betweenthe objective 
lens 67 and the quarter-wave plate 65, for condensing 
Incident light. The photodetector 71 receives the first 
light beam I or second light beam II light incident from 
the optical path changing unit after having been reflect- 
ed from the optical recording medium 80, and detects 
an information signal and error signals from the incident 
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-light- A sensor-lens £9 for causing astigmatism to light - 
may further disposed on the optical path between the 
PBS 63 and the photqdetector 71 * ... . _ 



[0039] As previously mentioned, the optical pickup 
. according to the present invention, which is compatible 
for recording media having different formats, adopts a 
single light device module in which first and second light 
beam sources for different wavelengths of light are in- 
stalled, and uses a hologram light coupler such that light 
beams from the first and second light beam sources, 
which are separated from each other, are guided along 
the same optical path. In addition, the optical pickup ac- 
cording to the present invention detects an information 
signal and error signals with a single photodetector. 
Thus, the configuration of the optical pickup becomes 
compact. 

[0040] While this invention has been particularly 
shown and described with reference to preferred em- 
bodiments thereof, it will be understood by those skilled 
in the art that various changes in form and details may 
be made therein without departing from the spirit and 
scope of the invention as defined by the appended 
claims. 

[0041 ] The reader's attention is directed to all papers 
and documents which are filed concurrently with or pre- 
vious to this specification in connection with this appli- 
cation and which are open to public inspection with this 
specification, and the contents of all such papers and 
documents are incorporated herein by reference. 
[0042] All of the features disclosed in this specifica- 
tion (including any accompanying claims, abstract and 
drawings), and/or all of the steps of any method or proc- 
ess so disclosed, may be combined in any combination, 
except combinations where at least some of such fea- 
tures and/or steps are mutually exclusive. 
[0043] Each feature disclosed in this specification (in- 
cluding any accompanying claims, abstract and draw- 
ings), may be replaced by alternative features serving 
the same, equivalent or similar purpose, unless ex- 
pressly stated otherwise. Thus, unless expressly stated 
otherwise, each feature disclosed is one example only 
of a generic series of equivalent or similar features. 
[0044] The Invention is not restricted to the details of 
the foregoing embodiment(s). The invention extend to 
any novel one, or any novel combination, of the features 
disclosed in this specification (including any accompa- 
nying claims, abstract and drawings), or to any novel 
one, or any novel combination , of the steps of any meth- 
od or process so disclosed. 



Claims 

1. An optical pickup compatible for recording media 
having different formats, the optical pickup compris- 
ing: 

a light device module (50) having a first light 
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- beam-source-(55)-and -a-second-tight- be 
source (57) for emitting first and second light 

^bearr^^respectively^having.drfferent-wave^ 
lengths; 

a hologram light coupler (61) for separately 
guiding the first and second light beams along 
the same optica! path such that the first and 
second light beams go toward a corresponding 
recording medium (80); 

an optical path changing unit for altering the op- 
tical path of an incident light beam; and 

an objective lens (67) disposed on an optical 
path between the optical path changing unit the 
corresponding recording medium (80), for fo- 
cusing the first or second light beam on the cor- 
responding recording medium (80); and 

a photodetector (71) for receiving the first or 
second light beam incidentfrom the optical path 
changing unit after having been reflected from 
the corresponding recording medium (80), and 
detecting an information signal and error sig- 
nals from the received light beam. 



2. The optical pickup of claim 1 , wherein the hologram 
light coupler Includes a hologram pattern (61a) 

30 which allows the first light beam entering in perpen- 
dicular to one surface of the hologram light coupler 
to directly transmit, and almost alt the second light 
beam entering at an angle to diffract and transmit, 
such that the second light beam travels parallel to 

35 the first light beam. 

3. The optical pickup of claim 2, wherein the first light 
beam has a wavelength of about 650 nm and the 
second light beam has a wavelength of about 780 

*o nm, and a maximum pattern depth D p of the holo- 
gram pattern satisfies the expression: 4,000 nm 5 
Dp £7,000 nm. 



4. The optical pickup of claim 3, wherein the hologram 
pattern has a stepped configuration with at least two 



5. The optical pickup of claim 1 , wherein a positional 
tolerance between the first and second light beam 
sources is controlled by adjusting the location of the 
hologram light coupler (61) on the optical path be- 
tween the light device module (50) and the objective 
lens (67). 



55 6. The optical pickup of any of claims 1 through 5, 
wherein the optical path changing unit includes: 

a polarization beam splitter (63) for altering the 
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-•<»•■ •• . ....... .... . . • . 

: _ — ■— Iraveling-path-of^n-Jncident-light-beam-by : ■ 

transmitting or reflecting the Incident light beam 
. 'J...'., accordin g to the polarization of the incident light _ i_J ^ 

beam; and 

• ' ■ . . ' 3 . ; t 

a quarter-wave plate (65) disposed on the op- 
tical palh between the polarization beam split- 
ter (63) and the objective lens (67).. for chang- 
ing the polarization of an incident light beam. 

10 

7. The optical pickup of any of claims 1 through 6, 
wherein the objective lens (67) has a light receiving 
surface for receiving the first or second light beam 
emitted from the light device module, and a light 
emitting surface facing the corresponding recording 15 
medium, and at least one of the light receiving and 
transmitting surfaces of the objective lens is divided 
into sections by at least one an annular region 
(67b). the sections being concentric with each other 
and having different aspheric curvatures. 20 
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